In this paper the problem of cycles existence in capital markets is addressed. A spectral analysis algorithm, which reduces signal-to-noise ratio, is proposed to derive cycle periodograms for the yield function of DJIA, WIG 20, and NIKKEI 225 indices. Peaks of the the periodograms provide premises to postulate the existence of some possible cycles. The 3.5 year periodicity in all 3 indices, which can be related to the Kitchin cycle is found to be the most distinctive one.
Introduction
The problem of signicant importance in capital markets is the conrmation or denial of the cycles (periodicity) existence. In this paper the attempt, to show that some periodicity in markets can be found, is made. A certain concept of spectral analysis using linear ltering theory has been here proposed, and used to identify possible cycles in DJIA, WIG 20 (Warsaw Stock Exchange index), and NIKKEI 225. Spectral analysis has extensively been used in various areas of technology and science including economics [1, 2] . Research on World GDP dynamics is a suitable example of standard spectral analysis application in economics [3] .
The outcome of the spectral analysis here proposed has the form of a periodogram. Peaks of the periodogram may indicate the appearance of cycles. However, due to possible nonlinearities in market phenomena, and limitations of the spectral analysis some peaks can be spurious ones. Therefore, conclusions concerning identication of possible cycles should always be carefully revised on the case by case basis. The spectral analysis here presented enables us to postulate the 3.5 year periodicity appearance in all indices, which believeably can be interpreted as the Kitchin cycle [4] . Some other possible cycles are also suggested.
Introduction to linear ltering theory
For the purpose of our research the formalism of linear ltering theory, briey presented below, has been used. This approach is very useful in simplifying and expediting computations, as well as for explaining and interpreting results.
In the general case, linear dierential equations with constant coecients can be used to describe linear systems [5] . The condition of linearity implies the frequency preservation property [6] . It says that the response of the lter contains only these frequencies which are present in the input signal. * corresponding author; e-mail: pdudojc@o2.pl Every linear system can be described by a corresponding time domain function called the impulse response h(t), which is dened as the system response to the Dirac delta function applied to the input. Impulse response is a unique representation of a lter in the time domain (Fig. 1) .
Fig. 1. Denition of lter impulse response h(t).
The relationship between input and output signal of a linear system is described by the ltering equation, which takes the following form (see Fig. 2 ):
where x(t) is the input signal, y(t) is the output signal and the symbol * denotes convolution, which is dened, as follows: 
Assumptions and denitions
Our experience on analyses of markets indicates that one should seek a periodicity in the yield function (dened below), rather than in index quotations.
(518) Let us assume a market quotation x(p) of length q:
Then, the logarithmic return or yield function can be dened as follows:
where n takes value from 1 to q and represents the duration of the investment. Therefore, by computing the above function, dened by (3.2), the input sequence of quotations (3.1) can be transformed into the following sequence, called from now on, the yield function yf n (i), i = 1, 2, . . . q − n + 1.
In terms of linear ltering theory, the computation of yield function (3.3) is equivalent to operation of linear ltering of the log(x(p)) with the specic FIR lter. The impulse response of this lter is given by the odd pair of impulses [7] , which should have the following form ( Fig. 3 ): Having applied the above ltering to the log of quotations one can obtain the yield function for an arbitrary duration of the investment, dened by n.
Concept of spectral analysis
The concept of the spectral analysis, here proposed, is shown in Fig. 4 . Assume that the input quotations have already been transformed into the yield function yf n (p).
Then, the yield function is divided into adjacent subintervals of the duration n, as shown in Fig. 4a . These subintervals are averaged as shown in Fig. 4b . The number of subintervals equals k as follows:
where:
• l is duration of the yield function,
• · stands for the operation of rounding to the largest integer in the value of l/n.
After averaging we have the function f (p) of the duration n, which is subsequently used to determine the existence of a cycle of the period equal to n.
Averaging, in the ideal case, reduces signal-to-noise ratio by the factor of square root of k [6] . After averaging a standard procedure of computing rst harmonic for f (p) is applied. The idea of identifying periodicity, by means of this concept, was tested rst using some simulated data as shown in Fig. 5 . In Fig. 5a we have two components of the duration 200, i.e., cyclic with four periods of 50 samples and a random component. In Fig. 5b we have a composite signal that is random component added to cyclic component, whereas in Fig. 5c we have the result of recovery of the cyclic component from the composite signal, using the described concept of spectral analysis.
Results
Consequently, the spectral analysis algorithm has been applied to real data, as follows: We found that the 3.5 years cycle appears in the case of all studied indices, as follows: 844 days, 844 days, and 832 days for DJIA, WIG 20, and NIKKEI 225, respectively. Moreover, we made a quick check with the Hang Seng index which has also shown the 3.5 years cycle on the periodogram. Therefore, we can postulate that the most distinctive 3.5 year periodicity can be interpreted as the manifestation of the Kitchin cycle [4] . We can also nd that 2, 2.5, and 5 years cycles can be observed distinctively in 2 out of 3 analysed indices. However, the latter statement should be considered as an initial conclusion, which needs to be conrmed by further research. 
Concluding remarks
The proposed method of spectral analysis, applied to the yield function of the three indices, i.e. DJIA, WIG 20, and NIKKEI 225, has provided preliminary promising results. The most distinctive, common for all indices, 3.5 year periodicity can be related to the Kitchin cycle.
Other common periodicities namely 2, 2.5, and 5 years can also be observed. However, the latter result, as well as the predictive power of the identied cycles needs to be conrmed by a further research.
